Objective-To investigate whether "diseased nerves" are more prone to entrapment neuropathy than normal nerves. Nerve conduction studies of human neuropathies have shown that electrophysiological abnormalities are often most prominent at potential sites of nerve entrapment, and entrapments are more common in patients with radiculopathies-a concept designated as "double crush". As entrapment neuropathies commonly occur in otherwise healthy subjects, it is unclear whether this relation is coincidental or whether peripheral nerves affected by disease are rendered more susceptible to effects of repeated minor trauma, traction, or mechanical compression. Methods-Sequential ulnar nerve conduction studies were prospectively performed at baseline and at four, eight, and 12 month intervals in 16 patients with amyotrophic lateral sclerosis. Ulnar nerve entrapment was defined as a focal reduction (>10 mIs) in conduction velocity in the across-elbow segment. Results-Ulnar sensory and motor nerve fibres showed similar findings of ulnar nerve entrapment at baseline and at follow up over the period of the study. Nerves with ulnar nerve entrapment showed a significantly greater reduction in distal motor amplitudes than nerves without entrapment, even though distal ulnar sensory amplitudes remained unchanged. Conclusions-Motor nerves in motor neuron disease do not seem to be more susceptible to entrapment at the elbow than do healthy sensory nerves, thus casting doubt on the double crush hypothesis. Nerves with double pathology (amyotrophic lateral sclerosis and ulnar nerve entrapment), however, seem to undergo more rapid axonal loss than do nerves with single pathology (amyotrophic lateral sclerosis or ulnar nerve entrapment alone). As well as the increased incidence of a second lesion in the presence of an already existing lesion, double crush syndrome has also been interpreted to mean that two sequential lesions can be additive.'4'6 Therefore, the presence of one proximal lesion will lessen the nerve's ability to withstand additional distal compression. Hence, trauma, traction, or mechanical compression at a potential site of entrapment may not be sufficient to cause clinically important symptoms in healthy subjects, but may do so if that nerve is already affected by another disease process.
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Although double crush is an attractive concept, little clinical data support it. In this study we tested the double crush hypothesis by prospectively studying ulnar nerves in patients with amyotrophic lateral sclerosis. Amyotrophic lateral sclerosis provides a model in which motor fibres are "diseased" and sensory fibres are healthy within the same nerve fibre bundle, thus allowing comparison of diseased and normal fibres at the same site. Firstly, we reasoned that if the concept of double crush is correct, ulnar motor fibres in patients with amyotrophic lateral sclerosis will show a higher incidence of ulnar neuropathy at the elbow than would the adjacent ulnar sensory fibres, which do not have a superimposed pathology but are exposed to the same external factors that lead to ulnar nerve entrapment. Secondly, if the effect of two lesions is additive, then ulnar motor nerves that develop ulnar nerve entrapment will show a greater axonal loss than ulnar motor nerves that do not have ulnar nerve entrapment. Lastly, ulnar sensory fibres that have only one lesion will show minimal axonal loss compared with ulnar motor fibres that have two lesions (amy- At baseline evaluation, ulnar nerve entrapment was found in 22% of sensory nerves, 25% of motor nerves, and 19% in both sensory and motor nerves; on follow up evaluation, these numbers were 14% for ulnar sensory nerve entrapment, 19% for ulnar motor nerve entrapment, and 19% for both. These differences were not significant (fig 3) , indicating that frequency of ulnar nerve entrapment does not increase with progressive reduction in CMAP amplitudes. These data were further analysed to determine whether CMAP amplitudes correlated with change in conduction velocity in the across-elbow segment. Differences in conduction velocity between the forearm segment and the across-elbow segment were plotted against the CMAP amplitudes, at baseline and all follow up evaluations, for all four muscles (fig 4) . Change in conduction velocity in the acrosselbow segment did not correlate with CMAP amplitudes, again confirming that loss of amplitude did not result in ulnar nerve entrapment.
To test the second part of the hypothesisthat two sequential lesions can add to each other's effects-we compared the percentage reductions in amplitude for sensory and motor fibres in the entrapped ulnar nerves with those of the non-entrapped ulnar nerves ( fig 5) . As reduction in sensory conduction velocity in the across-elbow segment is considered the most sensitive indicator of ulnar nerve entrapment, '7 we used ulnar sensory nerve entrapment to analyse these data, although analysis using ulnar motor nerve entrapment gave similar results. For both ADM and FDI recordings, the nerves with entrapment showed a greater reduction in CMAP amplitudes than did nonentrapped ulnar nerves. By contrast, the ulnar sensory fibres with ulnar nerve entrapment did not show a difference in SNAP amplitudes compared with those ulnar sensory fibres not showing a finding of ulnar nerve entrapment. In patients who had unilateral entrapment shown by electrophysiology, we compared side to side differences in amplitude (fig 6) . In the same patients, the sides showing the ulnar nerve entrapment had significantly greater reductions in CMAP amplitudes than the sides without ulnar nerve entrapment. Again, the sensory fibres did not show comparable differences in SNAP amplitudes between the two sides. Figure 7 illustrates this point for one patient in whom this difference was most prominent. The left ulnar nerve showed a 31 % reduction in conduction velocity across the elbow segment at the eight month study. In the right ulnar nerve no reduction in conduction velocity was detected in the across-elbow segment. Between the eighth and 12th month periods, a precipitous reduction (99%) in CMAP amplitude was detected on the left side. At baseline the left ulnar nerve had a relatively normal CMAP amplitude compared with that of the right ulnar nerve, which had already undergone axonal degeneration. Side to side differences in SNAP amplitudes in this patient were minimal.
Discussion
The initial hypothesis of double crush syndrome was based on the increased incidence of carpal tunnel syndrome or ulnar nerve entrapment in patients with cervical radiculopathy.2 Although nerve entrapment seemed well documented electrophysiologically, the presence or distribution of radiculopathy was not. Other The elbow is often a site of minor trauma or traction to the ulnar nerve, so that "subclinical" ulnar nerve entrapment is not uncommon even in healthy subjects. This was evident from our study, in which 22% of the subjects had ulnar nerve entrapment by sensory nerve conduction studies. The sensory amplitudes remained unchanged over the period of the study, despite focal reductions in velocity across the elbow, confirming that the focal demyelinating change was not severe enough to cause axonal loss. Additionally, none of the patients had sensory or motor symptoms or signs limited to the ulnar nerve distribution; hence, a finding of ulnar nerve entrapment by nerve conduction studies was classified as subclinical.
The presence of amyotrophic lateral sclerosis produces an additional insult selectively to the motor component of ulnar nerve fibres. If the concept of double crush were correct, focal reductions in motor conduction velocities in the elbow segment should have occurred with progression of amyotrophic lateral sclerosis. However, motor nerves in motor neuron disease did not seem to be any more susceptible to entrapment at the elbow than were sensory nerves, thus casting doubt on the first part of the double crush hypothesis.
The second part of the hypothesis states that two sequential lesions may add to each other's effects. Although motor axonal loss was undoubtedly occurring over time in these patients with amyotrophic lateral sclerosis, ulnar nerve entrapment was not by itself producing significant axonal loss, as distal sensory amplitudes were preserved. And yet, motor axonal loss occurred more rapidly in patients with ulnar nerve entrapment than in those without entrapment. In the same patients, in whom a unilateral ulnar nerve entrapment was found, the side with entrapment had greater axonal loss than did the contralateral side without ulnar nerve entrapment. Figure 6 best illustrates this. Although the baseline CMAP amplitude was lower for the right side (suggesting greater motor axonal loss due to amyotrophic lateral sclerosis), after one year the amplitudes were lower on the left, presumably because there was additional entrapment. Thus one lesion by itself would not have produced that injury but the presence of two lesions together resulted in greater axonal loss.
The electrophysiological finding of ulnar nerve entrapment is frequent because the ulnar sensory and ulnar motor nerve fibres are exposed to external pressures at the elbow; in addition, because of their more superficial location, sensory fibres are more susceptible. However, segmental demyelination caused by ulnar nerve entrapment may not be of sufficient severity to result in distal axonal loss. An additional insult, a second lesion (the double crush), may be necessary to produce the axonal loss and perhaps make a subclinical entrapment into a clinical one.
Arguably, motor neuron disease with ulnar nerve entrapment does not represent a true "double crush", as the effect on nerve of motor neuron loss may not be the same as a proximal compressive lesion. However, as outlined in the initial report by Upton and McComas,' any proximal nerve lesion that causes axonal dysfunction distally should produce the phenomenon of "double crush" when a second compressive lesion is added. Some of the experimental models of peripheral neuropathy associated with entrapment neuropathy have also called this paradigm "double crush".'014518-20 One advantage of our model is that in chronic degenerating diseases such as amyotrophic lateral sclerosis, the distal effects of a proximal "lesion" presumably occur over a long period of time; therefore, the affected motor fibres pre- sumably remain "diseased", rather than suffering an acute insult with complete Wallerian degeneration distally in seven to 10 days. This allows time to observe the effect of a second, compressive lesion. We cannot exclude an ulnar nerve entrapment presenting as entrapment in the motor fibres alone and causing axonal loss, given the greater susceptibility of sensory fibres due to their superficial location.
In conclusion, this electrophysiological study supports the notion that motor nerves with two insults undergo greater axonal loss than do nerves with one, but that the presence of one insult does not necessarily predispose a nerve to a second lesion.
